Seizures are comorbid with many developmental disorders, including autism spectrum disorder (ASD). However, very few studies analyze the interactions between conditions or ask key questions about how seizures affect the abnormal behaviors observed in individuals with ASD. For example, do early childhood seizures hinder the ability to learn language, and therefore directly lead to the diagnostic criterion of impaired communication skills found in ASD? Or perhaps abnormal EEG activity disrupts visual processing of faces and reciprocal social interactions. The recent paper by Bercum et al. reports seizures, abnormal EEG activity, and behavioral testing in a new rat model of prenatal and perinatal environmental insults.
the first postnatal week. Terbutaline is commonly used to halt preterm labor, which occurs in up to 18% of all births and preterm labor is a risk factor for autism (1) . The rat is an altricial species, and therefore the first postnatal week is considered equivalent to the third trimester in the human. The Bercum model represents real-life common environmental stresses with adverse outcomes similar to clinical reports.
While overall litter sizes were similar, a significant decrease was noted in pup birth weight after maternal stress. Low birth weight has been associated with increased risk for human autism (2) . The study did not indicate how the sexes were affected with respect to birth weight. ASDs are more often diagnosed in males than females (4:1 ratio), and the effects of prenatal stress are more prevalent in males. In the Bercum study, the behavioral analyses were performed on males. A previous study with terbutaline reported significant sex differences, with females being most affected (3) . A remaining question is whether female offspring would have been more affected by the gestational factors.
The effects of the maternal stress and exposure to terbutaline on behavior were varied. When separated from their mothers, perinatal rodent pups emit ultrasonic vocalizations,
Maternal Stress Combined With Terbutaline Leads to Comorbid Autistic-Like Behavior and Epilepsy in a Rat
Model. Bercum Human autism is comorbid with epilepsy, yet, little is known about the causes or risk factors leading to this combined neurological syndrome. Although genetic predisposition can play a substantial role, our objective was to investigate whether maternal environmental factors alone could be sufficient. We examined the independent and combined effects of maternal stress and terbutaline (used to arrest preterm labor), autism risk factors in humans, on measures of both autistic-like behavior and epilepsy in Sprague-Dawley rats. Pregnant dams were exposed to mild stress (foot shocks at 1 week intervals) throughout pregnancy. Pups were injected with terbutaline on postnatal days 2-5. Either maternal stress or terbutaline resulted in autistic-like behaviors in offspring (stereotyped/repetitive behaviors and deficits in social interaction or communication), but neither resulted in epilepsy. However, their combination resulted in severe behavioral symptoms, as well as spontaneous recurrent convulsive seizures in 45% and epileptiform spikes in 100%, of the rats. Hippocampal gliosis (GFAP reactivity) was correlated with both abnormal behavior and spontaneous seizures. We conclude that prenatal insults alone can cause comorbid autism and epilepsy but it requires a combination of teratogens to achieve this; testing single teratogens independently and not examining combinatorial effects may fail to reveal key risk factors in humans. Moreover, astrogliosis may be common to both teratogens. This new animal model of combined autism and epilepsy permits the experimental investigation of both the cellular mechanisms and potential intervention strategies for this debilitating comorbid syndrome.
Is the Wrong Environment Enough to Cause Autism and Epilepsy? Interplay Between Seizures and Aberrant Behaviors Due to Gestational Factors
a measure of communication ability that shows face validity in transgenic mouse models that harbor autism-associated genes. In the current rat model, only the combination of maternal stress and exposure to terbutaline significantly reduced the calls for the mother. Ultrasonic vocalizations elicited from older animals are a measure of learned communication, with call frequency and complexity as surrogates for language ability (4, 5) . All treatments decreased vocalizations to the same extent. Therefore, the combination of maternal stress and perinatal exposure to terbutaline impaired communication injuvenile and adolescent rats.
Besides communication deficits, impaired reciprocal social interactions and repetitive behaviors and restrictive interests comprise the ASD diagnostic domains. Prenatal exposure to maternal stress, or treatment with terbutaline, or the combination reduced social exploration to the same extent. Previously, rats that had been given terbutaline in the same experimental paradigm exhibited increased exploratory activity and were considered to be hyperactive with reduced attention (3). In the current study, perhaps the loss in social interest was due to the increase in activity and diminished attention.
Grooming is used as a surrogate for repetitive behaviors and restricted interests. In mouse models, extensive grooming can lead to injury, as is observed in affected children. Differences in grooming may also indicate changes in sensory perception, as many children with ASD are hypersensitive and refractory to touch or hyposensitive and require heightened stimulation, as observed in Rett syndrome with constant rubbing of eyes and face. Treatment with terbutaline alone did not significantly alter grooming, but maternal stress more than doubled the grooming time. The combined environmental factors nearly quadruple the repetitive behavior. Because grooming is only one measure of repetitive behaviors, it would be interesting to know whether other actions, including jumping, rearing, or reduced cognitive flexibility in reversal learning tasks, are affected in this model.
To understand the overall effects of the environmental factors, a composite score of autism spectrum disorder was devised. Individually, maternal stress and terbutaline increased the measure of autism, but no interaction was observed between the factors. The lack of interaction between terbutaline exposure and maternal stress in the composite score suggests these gestational factors are working through discrete mechanisms or neural circuitry.
In the clinic, autism is diagnosed based solely on behavioral measures. The lack of understanding of the underlying neural circuitry of ASD impedes intervention or prevention. There are no biomarkers for ASD. The comorbidity with epilepsy may provide a window into the brain dysfunction. Spontaneous recurrent seizures were observed in animals that experienced both prenatal stress and terbutaline (4/9), which is within the 15 to 40 percent range reported in patients with autism. The seizures appear to initiate in the hippocampus and spread throughout the cerebral cortex. The remaining (5/9) rats exposed to both factors exhibited interictal spikes, whereas rats that experienced a single environmental factor were similar to control animals. Statistical analysis showed significant main effects of terbutaline and prenatal stress on seizure and interictal spike rates and significant interactions between the environ-mental factors. In addition to the epilepsy comorbidity, many individuals with ASD exhibit abnormal EEG recordings, in the few cases when they were studied. An imbalance in the ratio of neuronal inhibition to excitation is proposed as the underlying basis for both disorders.The findings in the Bercum study support the use of the EEG and interictal spike rate and seizure frequency as potential biomarkers for autism risk. Additional studies into the inhibitory GABAergic system may provide further correlation between the Bercum model and the clinical observations.
The authors examined the pattern of glial fibrillary acidic protein (GFAP) immunoreactivity in the hippocampus. In adult temporal lobe epilepsy, increased GFAP immunoreactivity and gliosis are commonly observed and linked to hippocampal sclerosis. However, the use of GFAP in a developmental model is complicated, particularly when the hippocampus is still forming during the time of the terbutaline. GFAP was not significantly altered in the hippocampus in a previous study using the same paradigm of terbutaline exposure (6) . In the present case, interruption of hippocampal ontogeny could lead to astrogliosis and cause the seizures, rather than being a result of seizure activity. The GFAP expression was interpreted as an indicator of inflammation, and further examination of microglial activation and cytokine expression may directly address the question. In fact, the underlying mechanisms of how maternal stress increases risk of epilepsy or ASD may be multiple, including increasing cortisol levels, invoking inflammatory pathways in maternal blood or placenta, or altering neuronal differentiation and migration.
Finally, while the hippocampus is critical for spatial learning, this behavioral domain was not tested. Instead, the tested behaviors engage prefrontal cortical, amygdala, and striatal circuits that interact with the hippocampus and perhaps inflammation is more widely spread. Or perhaps children with terbutaline exposure exhibit deficits in hippocampal-mediated behaviors in addition to the core ASD impairments.
The study by Bercum et al. is one of the first to evaluate EEGs and some ASD-associated behaviors. It would be very interesting to know the extent of which the maternal stress (i.e., the freezing behavior of the dam during the stress paradigm) correlated with long-term phenotypes of abnormal EEGs and increased autism index. Another consideration is whether these environmental factors have similar outcomes in mice, and therefore genetic susceptibilities and environmental factors could be evaluated as risk factors for ASD. Finally, there is a wealth of unexplored information in the EEGs and potential changes in EEG activity during task performance in awake behaving animals. This new model opens doors for better understanding ASD and cognitive and behavioral symptoms of childhood epilepsies.
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